Muscarinic receptors, phosphoinositide metabolism and intracellular calcium in neuronal cells.
1. We have utilised SH-SY5Y human neuroblastoma cells and primary cultures of rat neonatal cerebellar granule cells, both expressing M3 muscarinic receptors, to examine agonist driven polyphosphoinositide hydrolysis and alterations in intracellular calcium. 2. Stimulation of SH-SY5Y cells leads to a biphasic increase in intracellular calcium, the initial peak being due to the release of calcium from an intracellular store and the second maintained phase being due to calcium entry across the plasma membrane. The channel involved does not appear to be voltage sensitive, to involve a pertussis toxin sensitive G protein, or be opened by inositol polyphosphates. 3. Muscarinic receptor stimulation also leads to increased inositol polyphosphate formation in SH-SY5Y cells. Ins(1,4,5)P3 mass formation was biphasic in profile whereas Ins(1,3,4,5)P4 mass formation was slower and monophasic in profile. These data are consistent with substantial activity of 5-phosphatase (dephosphorylating Ins(1,4,5)P3 to Ins(1,4)P2) and 3-kinase (phosphorylating Ins(1,4,5)P3 to Ins(1,3,4,5)P4) in SH-SY5Y cells. 4. In order to better understand the role of Ins(1,4,5)P3 and its metabolites in calcium homeostasis we have examined the ability of a variety of natural and synthetic analogues to release intracellular sequestered calcium. The Ins(1,4,5)P3 calcium mobilizing receptor displays a remarkable degree of stereo- and positional selectivity with the most potent agonist to date being Ins(1,4,5)P3 (EC50 = 0.09 microM). 5. As an alternative to the continuous SH-SY5Y neuroblastoma (tumour derived) cell line we have used the primary cultured cerebellar granule cell. These cells also display a biphasic increase in Ins(1,4,5)P3 mass and a subsequent release of intracellular stored calcium. In our hands carbachol appears to increase calcium influx, a response which is only visible in the absence of magnesium.